How single nucleotide polymorphisms in long non-coding RNAs are involved in cancer susceptibility remains poorly understood. We hypothesized that polymerase II polypeptide E (POLR2E) rs3787016 polymorphism, identified in a genome-wide association study of prostate cancer, might be a common genetic risk factor for cancer risk. To address this issue, we here conducted a case-control study to investigate the association of POLR2E rs3787016 polymorphism with risk of liver and lung cancer (including 800 normal controls, 480 liver cancer patients, and 550 lung cancer patients), followed by a meta-analysis. The genotyping was performed by polymerase chain reaction-restriction fragment length polymorphism and confirmed by sequencing. Although no significant association was found for rs3787016 with risk of liver or lung cancer, the further stratified analysis identified that rs3787016 contributed to liver cancer risk particularly for over than 60 years individuals who drink. Moreover, the meta-analysis demonstrated that rs3787016 was associated with overall cancer risk and prostate cancer risk. Collectively, the POLR2E rs3787016 polymorphism may be a valuable biomarker for cancer predisposition.
Introduction
Liver and lung cancers are commonly diagnosed cancers with high mortality rate in China [1, 2] . Although great progress has been made in diagnosis and treatment of cancers over the past decade, the 5-year overall survival rates of lung and liver cancer patients remain low [3] . The major reason is that most patients are diagnosed at advanced stage, with consequently poor prognosis and limited treatment options. Therefore, it is emergent to identify certain inherited genetic variants associated with susceptibility to liver and lung cancer, which would be in favor of making early diagnosis and risk prediction.
Long non-coding RNAs (LncRNAs) are non-protein coding transcripts usually between 200 kb and 1000 kb in length and play important roles in diverse cellular processes, like growth, difference, apoptosis, epigenetic, and gene expression regulation [4] . Aberrant expression of lncRNAs has been identified in many cancer types, including liver and lung cancer, suggesting that lncRNAs might be involved in tumorigenesis and tumor progression [5] . In addition, single nucleotide polymorphism (SNP), which can affect the expression and function of genes, has been reported to be associated with susceptibility to many kinds of human complex diseases including cancer [6] .
Rs3787016, which localizes to the fourth intron of RNA polymerase II polypeptide E (POLR2E) gene, has been studied by several researchers on its association with cancer risk [7] [8] [9] [10] [11] . However, the results remain conflicting rather than conclusive, probably due to the small sample size and different ethnic backgrounds of participants. To date, no study has been conducted to investigate the association between the risk of liver or lung cancer and POLR2E rs3787016 polymorphism. In view of this, a case-control study, based on 480 liver cancer patients, 550 lung cancer patients, and 800 normal controls, was conducted to evaluate the association between POLR2E rs3787016 and risk of lung and liver cancer in a Chinese population of Hubei province. Besides, we further carried out a meta-analysis, combining results from previous published literature and our case-control study, to clarify the real influence of rs3787016 on cancer risk.
Materials and methods

Participants
The participants were consisted of 480 patients with histologically confirmed liver cancer, 550 patients with histologically confirmed lung cancer, and 800 cancer-free controls. The liver and lung cancer patients were volunteers recruited from Hubei Cancer Hospital and Wuhan Xinzhou District People's Hospital between January 2015 and December 2016, while the normal controls were selected from visitors who came to Wuhan Xinzhou District People's Hospital for regular physical examinations between September 2014 and December 2016. All subjects were biologically unrelated Han Chinese living in Hubei province. The present study was approved by the Ethical Committees of Wuhan University of Technology and written informed consent for the genetics analysis was obtained from all subjects or their guardians.
The genotyping of POLR2E rs3787016 polymorphism
Genomic DNA was extracted from venous blood using the TIANamp Blood DNA Kit (DP348, TianGen Biotech, Beijing) according to the manufacturer's instructions, and stored at −20
• C before used. Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was used to genotype the POLR2E rs3787016 polymorphism. The PCR primers were designed by Primer Premier 6.0 (PREMIER Biosoft), and the sequences were: 5 -CATCAACATCACGCAGCACG-3 (forward) and 5 -CCCTGTCCTCCAAGCACTCAT-3 (reverse). The PCR annealing temperature was 60
• C. The transition of T > C at rs3787016 polymorphism produces a NLaIII restriction site. Therefore, the 147 bp fragment of PCR product was then digested with NLaIII (Takara Biotechnology Co. Ltd, Dalian, China) overnight at 37
• C, and the digested DNA fragmentations were evaluated by 2.5% agarose gel electrophoresis. The rs3787016 C allele results in two bands (127 bp and 20 bp), while the T allele produces one band (147 bp). For quality control, genotyping analysis was repeated twice. Furthermore, 20% randomly selected PCR-amplified DNA samples were examined by DNA sequencing, and the results were 100% concordant.
Statistical analysis
All statistical analyses were performed by SPSS 15.0 software (SPSS, Chicago, IIIinois). The χ 2 test was used to compare the differences in age, gender, smoking status, and drinking status between cancer patients and healthy controls. Hardy-Weinberg equilibrium (HWE) for rs3787016 genotype was tested by Pearson χ 2 test statistics amongst the normal controls. Association between rs3787016 and cancer risk was assessed by unconditional logistic regression analysis with odds ratios (ORs) and 95% confidence intervals (CIs). Six genetic models, including T vs. C (allele model), TT vs. CT (carrier model: T carrier vs. C carrier), TT vs. CC (homozygote model), CT vs. CC (heterozygote model), TT vs. CT + CC (recessive model) and TT + CT vs. CC (dominant model) were used. The criterion of statistical significance was set at P<0.05, and Bonferroni correction for multiple testing was applied [12] .
Meta-analysis
We comprehensively searched the EMBASE, PubMed, ISI Web of Science, China National Knowledge Infrastructure, and WanFang databases updated to April 2018 to identify the eligible studies. The search details were shown in Supplementary Table S1 . Flowchart of the search strategy and article selection for meta-analysis was demonstrated in Figure 1 . References listed in retrieved articles were also checked for missing information. Moreover, eligible studies were included while they met the following inclusion criteria: (1) studies on humans; (2) investigation of the POLR2E rs3787016 polymorphism and cancer risk; (3) case-control study design; (4) valid data were accessible to estimate the OR and its 95% CI; (5) HWE equilibrium should be established in control groups. Finally, five relevant articles were retrieved [7] [8] [9] [10] [11] . The Newcastle-Ottawa Scale (NOS) was used to assess the quality of included studies [13] . The meta-analysis was conducted by Review Manager 5.3 (Cochrane Collaboration). Different ethnicity descents were categorized as Asian and Caucasian. Heterogeneity was evaluated with the χ 2 test and the inconsistency index (I 2 ), and heterogeneity was considered significant when P<0.1 was consistent with possible substantial heterogeneity. If P<0.1, random-effects model was conducted to calculate the combined OR [14] , otherwise, fixed-effect model we used [15] . The significance of combined ORs of the six genetic models (allele, carrier, homozygote, heterozygote, recessive, and dominant) was determined by the Z test. Further, sensitivity analysis was also tested by removing one study at a time, to evaluate the effect of removal and effect of size of each study on the homogeneity of the whole. Table 1 showed us the main characteristics of participants. No significant differences for the distributions of age, gender, smoking status, and drinking status was identified between liver cancer patients and healthy controls, as well as between lung cancer patients and healthy controls. These results indicated that our case-control study was well matched based on these four variables. 1 Numbers in parentheses, percentage. 2 The frequencies of allele and genotype in cancer patients and normal controls were compared using two-sided χ 2 test. 3 The P value was calculated using two-sided χ 2 test. OR (95% CI) was estimated by logistic regression analysis.
Results
Characteristics of participants
Association of POLR2E rs3787016 polymorphism with risk of liver and lung cancer
In the present study, rs3787016 was successfully genotyped in a total of 1830 participants. The allele and genotype distributions of rs3787016 and their association with risk of liver and lung cancer were presented in Table 2 . The genotype frequencies of rs3787016 in normal controls showed no significant deviation from the HWE (P=0.205).
As shown in Table 2 , the allele and genotype distributions of rs3787016 showed no significant differences between liver or lung cancer patients and normal controls. Further logistic regression analysis under the six genetic models (T vs. C, TT vs. CT, TT vs. CC, CT vs. CC, TT vs. CT + CC, and TT + CT vs. CC) revealed no significant association between POLR2E rs3787016 and risk of liver or lung cancer.
Stratified analysis of the association between rs3787016 polymorphism with risk of liver and lung cancer according to age, gender, smoking status, and alcohol status
Considering the importance of age, gender, smoking, and drinking in liver and lung carcinogenesis [16, 17] ; thus, we conducted a stratified analysis of rs3787016 according to these four variables. All genotype frequencies of rs3787016 were consistent with the HWE amongst normal controls in each subgroup (P>0.05). According to the results in Table  3 , it was interestingly to find an increased liver cancer risk for rs3787016 T allele and TT genotype in older participants (T vs. 
Results of meta-analysis
As shown in Supplementary Table S2, the NOS score of all articles are not <6, indicating that each included literature was a high-quality study. The main features of the five previous studies and current study were demonstrated in Table 4 . All studies were consistent with HWE in normal controls (P>0.05). Similarly, the adjusted P value (<0.008, 0.05/6) using Bonferroni correction was applied. In Table 5 , we observed that POLR2E rs3787016 was associated with cancer risk under the TT vs. CT model (P<1 × 10 −3 , OR = 1.20, 95% CI = 1.09-1.33) and TT vs. CT+TT model (P=0.006, OR = 1.22, 95% CI = 1.06-1.41), suggesting that the carriers with rs3787016 TT genotype had a significantly increased cancer risk compared with the CT/CC genotypes carriers (Figure 2 ). Further, we performed a sensitivity analysis to examine the stability of the pooled ORs with the effect of the individual studies. With removal of individual study results from the analysis for rs3787016, the pooled ORs remained significantly consistent ( Figure 3) . Next, stratified analysis according to ethnicity and cancer type was conducted. Interestingly, we found that rs3787016 was significantly associated with cancer risk in Caucasian population but not in Asian (Chinese) population. Moreover, the T allele and T variant genotypes of rs3787016 were associated with a significantly higher prostate cancer risk under the six genetic models (T vs. C, TT vs. CT, TT vs. CC, CT vs. CC, TT vs. CT+CC, and TT +CT vs. CC).
Discussion
LncRNAs play important roles in diverse human diseases including cancer, and abnormal expression of lncRNAs is a common feature of many human cancers [4, 5] . Since SNPs can affect the gene expression and function [18] , the lncRNAs polymorphisms have been widely studied to explore their associated with cancer risk [6] . The rs3787016 polymorphism, locates in an intron of POLR2E gene, was first reported in a genome-wide association study of prostate cancer [7] . Jin et al. [7] identified that POLR2E rs3787016 polymorphism was associated with prostate cancer susceptibility in Caucasian population. Subsequently, two replication studies on the possible association between rs3787016 and prostate cancer risk were conducted [8, 9] . However, the significant association was found in Chinese population [9] but not in Serbian population [8] . Since a small number of subjects from Serbian population were included and different ethnic groups, we reasoned that the inconsistent results might be attributed to the differences in sample size and ancestral backgrounds. Interestingly, Kang et al. [10] and Xu et al. [11] also revealed a significant association between rs3787016 with risk of esophageal cancer and breast cancer, which highlighted that POLR2E rs3787016 polymorphism might servers as a common genetic factor to affect individual susceptibility to cancer. To address this issue, for the first time, we here evaluated the association between rs3787016 and risk of liver and lung cancer. Although no significant association was found for rs3787016 and liver cancer or lung cancer risk, the further stratified analysis of rs3787016 according to age, gender, smoking status, and drinking status identified that rs3787016 exerted its effect on liver cancer risk particularly for over than 60 years individuals who drink. The interpretation of such finding might be as follow: aging and drinking might induce a variety of DNA damage or risk mutations and thus initiate liver carcinogenesis [19, 20] , and the effect of rs3787016 on liver cancer risk might be augmented by the factors of age and drinking. However, the interactions amongst rs3787016, aging and drinking in the etiology of liver cancer still needs to be investigated in further study.
Actually, Chu et al. [21] have performed a meta-analysis to evaluate the association between rs3787016 and cancer risk, which included the same studies [7] [8] [9] [10] . However, we found that the data in study of Nikolic et al. [8] was wrongly extracted by Chu et al. Moreover, given the newly generated experiment data in current case-control study, we futher perform a rigorous and updated meta-analysis to determine the association of POLR2E rs3787016 polymorphism and cancer risk. We observed that rs3787016 was significantly associated with cancer risk in total population, and rs3787016 TT genotype contributed to a higher risk of cancer risk. However, the significant association remained in Caucasian population but not in Asian (Chinese) population, indicating that differences in genetic background may be a possible reflection of rs3787016 on cancer risk. In addition, the stratified analysis according to cancer type showed that the rs3787016 was associated with prostate cancer risk. However, further studies with larger sample size in different ethnic populations and in prostate cancer are warranted.
Admittedly, several limitations of the present study should be acknowledged. First, since a hospital-based case-control study was used, the potential for selection bias should be considered. Second, the underlying molecular mechanism for the contribution of rs937283 to cancer susceptibility remained unknown, which will be explored in future functional studies. Third, our current findings of this case-control study only involved Han Chinese population, thus further confirmatory studies in different ethnic groups are needed. Fourth, since the publication bias can be evaluated for meta-analysis with sufficient numbers of included studies (n>10), the assessment of publication bias was not performed through Begg's funnel plot and Egger's linear regression method [22] . Therefore, we could not eliminate the possibility of publication bias in the present study meta-analysis. Fifth, a high degree of heterogeneity was observed in the meta-analysis of rs3787016 and overall cancer risk in total population and Asian (Chinese) population. The variations of different cancer types, clinical characteristics, ethnicity, geographical location and so on were not fully considered. Sixth, due to the relatively small number of included studies, the subgroup analysis by cancer type only performed for prostate cancer, while for others, such as breast cancer and liver cancer, which should be investigated in the future. Finally, the POLR2E rs3787016 polymorphism may not be the causal loci, but may just be in linkage disequilibrium with the causal loci.
In summary, our results demonstrated that POLR2E rs3787016 polymorphism may be associated with the risk of liver cancer for over than 60 years Chinese individuals who drink. Moreover, the following meta-analysis revealed that POLR2E rs3787016 polymorphism may be associated with overall cancer risk and prostate cancer risk. Before these reported findings will contribute to clinical decision-making, additional studies with a larger sample size and in different ethnic populations are needed to confirm or further reinforce our present findings. 
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